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Description 



METHOD AND STRUCTURE FOR 
STRAINED FINFET DEVICES 

Background of Invention 

[0001] The present invention generally relates to improving per- 
formance for devices such as FinFETs. More specifically, 
the present invention provides a method (and resultant 
structure) in which localized stressor areas allow carrier 
mobility in specific regions, such as the FinFET channel, to 
be separately adjusted for each device. 

[0002] Double gate devices are considered a most suitable choice 
for next generation devices, since the improved short 
channel effect control and increased drive current that 
double gates deliver are needed. One of the most simple 
double gate devices to fabricate is the FinFET (Field Effect 
Transistor), due to the front gate and the back gate being 
self-aligned and the front gate oxide and back gate oxide 
being processed simultaneously. 

[0003] Figure 1 illustrates an exemplary FinFET structure 100 



having a single Fin 101, source 102A, drain 102B, and 
gate 103, as fabricated on buried oxide (BOX) layer 104 
on bulk silicon 105. Typically, there are multiple Fin 
structures in a FinFET joined by Fin connectors, in order to 
obtain the desired current, similar to increasing gate 
width W in planar devices. 

[0004] Figure 2 illustrates this exemplary FinFET structure 100 in 
cross-sectional view 200 through the gate 103. The 
height of the fin is arbitrary, and, as the height is lowered, 
the FinFET approaches the structure of a planar FET. 

[0005] FinFETs are known to have improved scaling properties 
compared to single planar gate devices because the Fin- 
FET reduces the short channel effect as channel length is 
shortened. Strained Si offers improved performance over 
non-strained channel devices. However, strained Si by 
SiGe has been challenging to implement, and strained Si 
by SiGe is even more difficult to implement in FinFETs. 

[0006] Another advantage of the FinFET is that, since the active 
areas are all substantially the same size in the length di- 
mension, any stress enhancement in the direction along 
the current flow is potentially equal in magnitude for all 
devices. Thus, the mobility improvement and current in- 
crease should be substantially similar for all devices. 



[0007] However, conventional methods to strain Si by SiGe to ob- 
tain improvement in nFETs cause more defects, thereby 
lowering yields. Moreover, it has been very difficult to re- 
alize any improvement in pFET performance using the 
strained Si by the SiGe technique. Therefore, there re- 
mains a need to improve performance and reduce costs 
for FinFETs. 
Summary of Invention 

[0008] | n V j ew 0 f the foregoing, and other, exemplary problems, 
drawbacks, and disadvantages of the conventional system, 
it is a an exemplary feature of the present invention to 
provide a method and structure in which isolated stres- 
sors within a device allows each device to be individually 
tuned for carrier mobility. 

[0009] it is another exemplary feature of the present invention to 
provide a technique in which carrier mobility can be en- 
hanced in both pFET and nFET devices. 

[001 0] n is another exemplary feature of the present invention to 
provide an improved method of generating a stressed re- 
gion without causing an increase in defects. 

[0011] jo achieve the above exemplary features and others, in a 
first exemplary aspect of the present invention, described 
herein is a method (and resultant structure) of forming an 



electronic device, including forming at least one localized 
stressor region within the device. 
[0012] | n a second exemplary aspect of the present invention, 

also described herein is a method of forming a stress re- 
gion in an electronic device, including forming a first lo- 
calized stressor region within the device and forming a 
second localized stressor region within the device, the 
first localized stressor region and second localized stres- 
sor region thereby causing a region therebetween to be 
stressed. 

[0013] | n a third exemplary aspect of the present invention, also 
described herein is an apparatus including at least one 
electronic device having a stressed region created by 
forming at least one localized stressor region within the 
device. 

[0014] Thus, the present invention provides an improved method 
to provide stressed regions within a device, such that each 
device can be separately tuned to achieve an optimal 
stressed region. 
Brief Description of Drawings 

[0015] The foregoing and other exemplary features, aspects and 
advantages will be better understood from the following 
detailed description of an exemplary embodiment of the 



invention with reference to the drawings, in which: 

[0016] Figure 1 shows an exemplary perspective view 100 of a 
conventional FinFET device having a single fin; 

[0017] Figure 2 shows the cross sectional view 200 of the con- 
ventional FinFET shown in Figure 1; 

[0018] Figure 3 exemplarily shows an early stage plan view 300 
of an exemplary embodiment of the present invention; 

[0019] Figure 4 exemplarily shows a plan view 400 in which the 
gate pattern has been formed; 

[0020] Figure 5 exemplarily shows a plan view 500 in which the 
source/drain spacers have been formed; 

[0021] Figure 6 exemplarily shows a plan view 600 in which com- 
pressive material has been formed on the Fin connectors, 
as would be appropriate for a pFinFET; 

[0022] Figure 7 exemplarily shows a plan view 700 in which ten- 
sile material has been formed on the Fin connectors, as 
would be appropriate for an n FinFET; 

[0023] Figure 8 shows the cross-sectional view 800 of the device 
shown in Figure 7; 

[0024] Figure 9 shows a plan view 900 of an exemplary FinFET 

structure used for simulation of the present invention; and 

[0025] Figure 10 shows the simulation result 1000 for the FinFET 
structure that is shown in Figure 9. 



Detailed Description 

[0026] Referring now to the drawings, and more particularly to 
Figures 3-10, an exemplary embodiment of the present 
invention will now be described. 

[0027] | n contrast to conventional techniques, the present inven- 
tion is directed toward improving performance in FinFETs 
by using a local mechanical stress. The technique de- 
scribed herein overcomes challenges associated with con- 
ventional strained Si by SiGe. The method involves novel 
process steps to impose channel stress to improve mobil- 
ity for both n- and p-type Fin channels. In the exemplary 
embodiment discussed below, the stress is locally created 
in the Fin connector structures, but it should be apparent 
to one of ordinary skill in the art, after taking the follow- 
ing discussion as a whole, that this concept is easily gen- 
eralized to other devices and appropriate locations within 
these devices. 

[0028] a unique aspect of the FinFET is that, since all devices 
have the same width, FinFET circuits have a number of 
Fins to be connected. One method for connecting the Fins 
301 is to define Si regions 302, as shown in Figure 3. The 
present invention takes advantage of this particular con- 
figuration to improve carrier mobility in the channel by 



using local mechanical stress. 

[0029] it has been very difficult to realize any improvement in 

pFET performance using the strained Si by the SiGe tech- 
nique. However, the mechanical stress technique taught 
by the present invention can also result in pFinFET perfor- 
mance improvement. 

[0030] Figure 3 shows an SOI wafer in a plan view 300. The SOI 
layer is about 800 A in thickness. Next, an oxide hard 
mask of about 400 A(e.g., exemplarily, in a range of 300 
A- 500 A) is formed by thermal oxidation of the SOI 
wafer. Next the active regions are patterned by lithogra- 
phy and etching. The fins 301 are connected together by 
the fin connectors (Si regions) 302. 

[0031] well implants may be implanted and annealed, followed 
by gate oxidation. The gate electrode 401 is patterned by 
first depositing a gate material like poly-Si. The poly-Si 
can be planarized by CMP, after which a lithography and 
etch process is carried out. The structure appears as 
shown in the plan view 400 of Figure 4. Amorphous Si can 
also be used, but this material will recrystallize after the 
annealing. Metal can also be used for the gate, but would 
be more difficult to etch. 

[0032] The extensions (not shown in the figures) are implanted, 



using an ion implantation process. Preferably, As and/or P 
are used for nFinFETs and B and/or BF 2 are used as ions 
for implants for pFinFETs. A plan view 500 of Figure 5 
shows that the source/drain spacers 501 are next formed 
by depositing an oxide liner (e.g., silicon oxide) followed 
by depositing a SiN layer of about 500 A. Depending on 
the scaling, the range of the SiN layer might be anywhere 
in the 200 A 600 A. A directional etch is then used to 
form the spacers 501. After spacer formation, source- 
drain implants are performed using an ion implantation 
process with dopants similar to that just described above. 
Raised source drains (not shown in the figures) are grown 
by selective epitaxial Si. Silicide (also not shown in the fig- 
ures) is formed by reacting metal like, for example, Co, Ti, 
or Ni, or alloys or combinations thereof, with the exposed 
Si. 

[0033] Figure 6 shows a plan view 600 as the stressors are 
placed in the device. A dielectric film of thickness in a 
range of 2000 A 5000 A, with about 5000 Abeing pre- 
ferred, is next deposited and planarized by CMP. The di- 
electric film may be BPSG (Boron Phosphorous Silicate 
Glass), HDP (High Density Plasma) oxide, and/or TEOS 
(Tetraethylorthosilicate). A lithography and etch process 



used to open the shaded regions 601 of the fin connec- 
tors 302. In the case of the pFinFET, the Si region of the 
connector may be etched and filled with a compressive 
material. One choice for the compressive material is com- 
pressive SiN. Another choice is to silicide the open hole, 
without etching the Si region, using a highly compressive 
silicide, such as PdSi, Pt silicide, or the like. 

[0034] | t j S noted that the compressive material need not be con- 
ductive. That is, a purpose of the compressive material is 
to impart compressive stress to the channel region of the 
device. If the channel region is small and the compressive 
material has sufficient volume and is sufficiently close to 
the channel region (e.g., within about 0.5 microns, as in 
the simulation example shown in Figure 9), then a signifi- 
cant amount of stress of the order of 1000 MPa or more 
may be transferred to the channel region. This will have a 
mobility enhancement of greater than 70%. 

[0035] Figure 7 shows a corresponding plan view 700 for an 

nFinFET device. A similar lithography and etch process is 
used to open the shaded regions 701 of the nFin connec- 
tors 302. In the case of the nFinFET, the Si region of the 
connector may be etched and filled with a tensile material. 
One choice for the tensile material is tensile SiN. Another 



choice is to silicide the open hole, without etching the Si 
region, using a highly tensile silicide like, for example, 
CoSi 2 silicide. 

[0036] Again, similar to the compressive material above, the ten- 
sile material need not be conductive, since its purpose is 
to impart tensile stress to the channel. If the channel re- 
gions are small, and the tensile material has sufficient 
volume and is sufficiently close (e.g., within 0.5 urn) to the 
channel region, then a significant amount of stress of the 
order of +1000 MPa or more may be transferred to the 
channel region. This will have a mobility enhancement of 
greater than 70%. 

[0037] Figure 8 shows the cross-section view 800 of the device 
shown in Figure 7, including the bulk silicon 801, BOX 
layer 802, fin 301, fin connector 302, source/drain im- 
plant region 803, 804, poly-Si gate 401, source/drain 
spacer 501, stressor regions 701, and hard mask 805 for 
forming the gate structure. As shown by dotted region 
806, in an exemplary embodiment, the stressors 701 ex- 
tend down to the level of the BOX layer 802. 

[0038] Figures 9 and 10 show a simulation result 1000 for a Fin- 
FET 900 constructed in accordance with the present in- 
vention and provides indication of the dimensions in- 



volved when using current technology. However, it should 
be noted that the present invention is a generic concept 
that is not constrained by the dimensions and layout of 
the exemplary device shown in these figures, as would be 
evident to one of ordinary skill in the art, taking the 
present application as a whole. 

[0039] The gate 901 in Figure 9 is exemplarily a double poly-Si 
gate, and the nitride spacers 902 have an exemplary 
thickness of approximately 30 nm. The Si fin 903 has a 
width of approximately 15 nm. The two stressors 904, 
905 are each exemplarily stressed causing stress of ap- 
proximately -2.5 CPa. 

[0040] Figure 10 shows a simulation result 1000 of the stress 

along the channel as being approximately -1.2 CPa. Thus, 
as clearly seen in Figure 10, the two stressors 904, 905 
work together to create a stress in the channel region. It 
should also be clear that the stressors could be used ei- 
ther to generate a compression stress or to generate a 
tensile stress, depending upon whether a compressive 
material or a tensile material is used as the stressor mate- 
rial. 

[° 041 ] It should be apparent to one of ordinary skill in the art, 
after taking the present disclosure as a whole, that the 



present invention can be used to separately "tune" indi- 
vidual devices. 

[0042] That is, in the conventional method of growing Si on SiGe 
for stress causes tension in both the parallel and perpen- 
dicular dimensions in the channel. This effect is good for 
improvement for nFETs. However, pFETs require tension 
perpendicular to current flow but compression parallel to 
current flow. 

[0043] | n contrast, using the localized stressors of the present 
invention, a uni-axial stress can be created within each 
device. Therefore, one device's performance can be im- 
proved separately (independently) with compression 
stress (e.g., pFETs), while another device's performance 
could be improved with tensile stress (e.g., nFETs). 

[0044] Figure 10 also demonstrates that distance between stres- 
sors and the stressor composition and structure become 
parameters for tuning a device. However, the effects of 
these parameters are easily simulated, as demonstrated in 
Figure 10, so that one of ordinary skill would be able to 
vary parameters systematically to determine the specific 
values required for each situation and desired application. 

[0045] it is noted that one of ordinary skill in the art, after having 
read the details described herein, would readily be able to 



apply the present invention as a generic concept of apply- 
ing stressors, as being localized regions of compressive or 
tensile materials within a device, that work together to 
provide a stress within a region, such as the channel re- 
gion of a FinFET device. 
[0046] Thus, it should be apparent to one of ordinary skill in the 
art, after taking this discussion as a whole, that the con- 
cept of the present invention could be adapted to any de- 
vice being fabricated for which carrier mobility modifica- 
tion is desired and that each such device can be sepa- 
rately (independently) tuned by choice of stressor mate- 
rial, distance between stressors, and masking of devices 
of the circuit not selected to receive carrier mobility modi- 
fication. 

[0047] | t j S noted that the type of device for which the localized 

stressors described herein is not intended as being limited 
to the exemplary FinFET structures and to the location on 
the fin connectors. The stressors could have been located, 
for example, on the source/drain regions, etc., of the ex- 
emplary FinFET structure, in order to decrease the separa- 
tion between stressors, thereby enhancing the stress ef- 
fect of the two stressors. 

[0048] More specifically, placing the stressors on the source/ 



drain makes the present invention applicable to planar 
FET structures that do not have the FinFET fin connectors. 
However, it is also noted that the present invention is not 
intended as limited to FET-type structures, since it is 
clearly applicable in a broader environment because of its 
ability to provide a uni-axial stress region between any of 
two localized stressors. In general, the localized stressors 
of the present invention can be considered as a method of 
either increasing or decreasing mobility of charge carriers 
in the region between the stressors. This more general- 
ized definition makes the present invention applicable in 
devices having either holes as charge carriers (e.g., 
pMOS-like devices) or having electrons as charge carriers 
(e.g., nMOS-type devices). 
[0049] it is further noted that, although the present invention ex- 
emplarily demonstrates the incorporation of symmetrical 
localized stressors, it is also not intended as being limited 
to this exemplary embodiment. That is, one of ordinary 
skill in the art, having taken the discussion herein as a 
whole, will readily recognize that the present invention 
teaches the technique of incorporating a localized region 
(e.g., within a device) configured to serve as a localized 
stressor. The localized stressor could be incorporated in a 



number of variations and shapes of configurations. 

[0050] As possible non-limiting variations, a single localized 

stressor could be incorporated within a device and not be 
interacting with any other stressor, thereby creating an 
asymmetrically stressed area. A single localized stressor 
could be incorporated with a non-localized stressor, 
thereby providing a stressor that covers an area larger 
than a single device. A localized stressor could be incor- 
porated in one device and interact with a localized stres- 
sor in a second device. Two localized stressors could be 
interacting with each other, each being the same or dif- 
ferent types (e.g., compressive or tensile) or having differ- 
ent (or the same) degrees of stress or materials, depend- 
ing on the designer's applications and requirements. 

[0051] Finally, it is also noted the number of stressors that are 
effectively interacting is not limited to the two exemplary 
localized stressors discussed above. That is, additional 
stressors could be located as interacting to create a com- 
plex three-dimensional stress field between the stressors. 

[0052] while the invention has been described in terms of exem- 
plary embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



Further, it is noted that Applicants' intent is to encompass 
equivalents of all claim elements, even if amended later 
during prosecution. 



